Introduction
The parasitic protozoan genus Leishmania, belonging to the Trypanosomatidae family, is the causative agent of leishmaniasis, a severe tropical disease. Most forms of this disease are zoonotic, in that they are transmitted via a nonhuman mammalian host, but human-to-human (anthroponotic) infections are increasing globally. Leishmaniasis consists of two main clinical forms: visceral leishmaniasis (VL), which is fatal if left untreated, and cutaneous leishmaniasis (CL), which can heal spontaneously, but leaves disfiguring scars. Mucocutaneous leishmaniasis (MCL), a sequela of L. viannia CL infection, is one of the hardto-treat manifestations of this disease. Leishmaniasis is endemic in 88 countries, with more than 350 million people at risk. Each year an estimated two million people develop symptomatic leishmaniasis: among these, 0.5 million VL, and 1.5 million CL. VL causes an estimated 60 000 deaths annually (a rate among parasitic diseases surpassed only by malaria). [1, 2] The pharmacological treatment of leishmaniasis relies heavily on a quartet of drugs: pentavalent antimonials (Sb V ), amphotericin B (AmpB), paromomycin, and miltefosine. The use of these drugs is associated with a number of severe side effects related to their toxicity. Moreover, an ever-increasing number of Sb V -resistant strains have been identified in Bihar (India), [3] preventing the use of the mainstay antimonial treatment in this VL-endemic area. There is a clear need to identify novel compounds that act on new molecular targets.
This study was aimed at identifying a new class of compounds active against Leishmania donovani. We previously evaluated a number of synthesized compounds endowed with various biological activities: 1) 1,5-diphenylpyrroles 1-3, [4] [5] [6] 1) toluidine derivatives 4-6, [7, 8] 3) triazolyl derivatives 7-11, [9] and 4) imidazolyl derivatives 12-16. [7, 9] Compounds 1-16 were evaluated in whole-cell screens to determine their in vitro ac-Herein we report a study aimed at discovering a new class of compounds that are able to inhibit Leishmania donovani cell growth. Evaluation of an in-house library of compounds in a whole-cell screening assay highlighted 4-((1-(4-ethylphenyl)-2-methyl-5-(4-(methylthio)phenyl)-1H-pyrrol-3-yl)methyl)thiomorpholine (compound 1) as the most active. Enzymatic assays on Leishmania infantum trypanothione reductase (LiTR, belonging to the Leishmania donovani complex) shed light on both the interaction with, and the nature of inhibition by, compound 1. A molecular modeling approach based on docking studies and on the estimation of the binding free energy aided our rationalization of the biological data. Moreover, X-ray crystal structure determination of LiTR in complex with compound 1 confirmed all our results: compound 1 binds to the T(SH) 2 binding site, lined by hydrophobic residues such as Trp21 and Met113, as well as residues Glu18 and Tyr110. Analysis of the structure of LiTR in complex with trypanothione shows that Glu18 and Tyr110 are also involved in substrate binding, according to a competitive inhibition mechanism. tivity against Leishmania donovani; among the series, compound 1 proved to be the most active.
Trypanothione reductase (TR) is unique to the parasites of the Trypanosomatidae family. It is a key component of trypanothione metabolism, which neutralizes, via the tryparedoxin/ tryparedoxin peroxidase (TXN-TXNPx) couple, hydrogen peroxide produced by macrophages during infection. [10, 11] TRs are members of the large and well-characterized family of FAD-dependent NAD(P)H oxidoreductases. These are dimeric flavoenzymes that catalyze the transfer of electrons between pyridine nucleotides and disulfide/dithiol compounds and promote catalysis via FAD and a redox-active disulfide (formed in TR from Leishmania infantum by Cys52 and Cys57), such as glutathione reductase (GR), lipoamide dehydrogenase, and mercuric ion reductase (Scheme 1). [12] showed that alongside other members of the family, [13] [14] [15] L. infantum TR (LiTR) binding with NADPH induces a local conformational change in the binding domain involving residues Arg222 and Tyr198, which rotate bỹ 308 and 1208, respectively, around C a ÀC b to accommodate the adenine and nicotinic rings. In contrast to GR, the closest related mammalian enzyme, TR features a much wider and more hydrophobic active site which exhibits an overall negative charge. [16] [17] [18] [19] Moreover, TR was shown to be essential for Leishmania parasite survival. [20] LiTR could be considered an attractive target for drug design, and it has been validated as a target for the development of new antileishmanial drugs by molecular genetic methods. [21, 22] For these reasons we wanted to verify the inhibitory capacity of compound 1 toward Leishmania donovani cell growth, and to determine whether the activity is due to the inhibition of LiTR.
Baiocco and colleagues
A docking study and subsequent binding free energy estimation for compounds 1-16 in the active site of LiTR were performed to rationalize the biological data, aiming at clarifying their potential binding modes. The crystallographic structure of the complex between LiTR and compound 1 was then determined to identify the key molecular interactions within the protein. This was compared with the X-ray crystal structure of LiTR in complex with the substrate, trypanothione.
Results and Discussion

Compound synthesis
Compounds 1-16 were prepared by following previously described synthetic pathways. [4] [5] [6] [7] [8] [9] Whole-cell screening of compounds [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Activity was evaluated against the intracellular amastigote form of Leishmania. This is the clinically relevant stage of the Scheme 1. Reduction of trypanothione, catalyzed by trypanothione reductase (TR). life cycle. An in vitro cytotoxicity test was performed-KB cells were exposed to the compounds for 72 h prior to evaluationto determine if there was any selectivity. Four out of 16 compounds had IC 50 values below the top concentration of 40 mm: in the range of 15 mm ( Table 1 ). The activities of 1, 2, and 15 were similar to that of one of the positive control drugs, Sb V . The IC 50 value of 6 could not be determined; all parasites were eliminated, but the compound was toxic to host cells at the highest concentration, making accurate counts impossible. The cytotoxicity test gave a range of values. Compounds that were active in the Leishmania bioassay proved to be toxic to KB cells as well ( Table 1) .
Inhibition assay
The enzymatic activity of trypanothione reductase in the presence of compound 1 was determined by stopped-flow spectroscopy at 20 8C. The enzyme, premixed with increasing amounts of compound 1 (from 0 to 60 mm) and trypanothione at 100 mm, was mixed in the stopped-flow apparatus with a solution of 40 mm NADPH. NADPH oxidation was measured at l 340 nm. Figure 1 shows the results of this experiment with the steady-state parameters, as obtained by nonlinear fitting, listed in Table 2 . Solid lines in Figure 1 were obtained by fitting the entire data set to a closed-form solution for the total time evolution of substrate concentration (see Experimental Section below), which yields the steady-state (k cat and K M ) directly. Analysis of the dependence of the steady-state parameters on compound 1 concentration ( Figure 1 inset) strongly suggests a competitive inhibition mechanism with an apparent inhibition constant (K i ) of 4.6 AE 2.5 mm. The poor aqueous solubility of compound 1 contributed to the measurement uncertainty of the absorbance data, leading to a high root mean square deviation (RMSD) value. Traces from bottom to top: 0, 10, and 30 mm compound 1 (after mixing, the 15 mm trace was removed for clarity). Solid lines were obtained by fitting the data to Equation (1) as described in the Experimental Section; 90 % of the data points were removed for clarity. Inset: dependence of the steady-state parameters on compound 1 concentration. The inhibition constant shown by compound 1 is on the same order of magnitude as that calculated for Sb III by Baiocco and co-workers (K i = 1.5 AE 0.4 mm). [12] Moreover, the K i value of compound 1 is also on the same order of magnitude as those calculated for the competitive inhibitors of TR from other trypanosomatids. TR from T. cruzi, for example, was reported to be inhibited by clomipramine with an inhibition constant of 3.03 AE 0.28 mm. [23] TR in complex with trypanothione dithiol
The crystal structure of LiTR in its reduced state in complex with NADPH and trypanothione was solved at 3.6 resolution (PDB code: 4ADW). The asymmetric unit contains a dimer of two identical subunits related by a twofold axis; superposition of the two subunits yields an RMSD of 0.31 . Each monomer contains a FAD and NADPH cofactor as well as a trypanothione molecule, which is located in a cleft, 15 wide and 20 deep, formed by residues from both the FAD binding site and the interface domain of the symmetry-related subunit ( Figure 2 ). The overall structure is similar to that of the native enzyme, and the superposition with oxidized TR (PDB code: 2JK6) provides an RMSD of 0.64 . As previously described, [16] the catalytic site of oxidized TR is characterized by two cysteines-Cys52 and Cys57-and the His461' residue (the prime (') indicates residues that belong to the twofold symmetry-related subunit). In the reduced TR-T(SH) 2 complex, the disulfide bond between the catalytic cysteines is broken, and the residues are separated more: Cys52(Sg)-Cys57(Sg) = 3.2 . The F o ÀF c difference Fourier map, contoured at 3s, clearly shows an electron density peak in the catalytic pocket, indicating the presence of a trypanothione molecule (Figure 2 A) . In the catalytic site of both subunits, the gGlu-Cys-Gly motif of the trypanothione molecule adopts a U-shape and has been modeled into the F o ÀF c map with an occupancy of 0.75 (Figure 2 B ). The sulfur (Sg2) atom of the cysteine residue of trypanothione is hydrogen bonded to the sulfur group of Cys52 (Cys52(Sg)-T(SH) 2 (Sg2) = 2.9 ), and to the Ne2 nitrogen atom of His461' (T(SH) 2 (Sg2)-His461'(Ne2) = 2.8 ). The distance between the sulfur atom of Cys57 and the sulfur atom of trypanothione is 3.9 (Cys57(Sg)-T(SH) 2 (Sg2); Figure 2 A). Comparison of the structure of the T(SH) 2 -LiTR complex with the native structure of LiTR (PDB code: 2JK6) in its oxidized state suggests that T(SH) 2 induces a movement of the loop containing the catalytic His461' residue. In particular, the imidazole ring of His461' is closer to Cys57 (Cys57(Sg)-His461'(Ne2) = 2.4 ) and moves away from Glu466' (His461'(Nd1)-Glu466'(Oe1) = 3.9 and His461'(Nd1)-Glu466'(Oe2) = 4.1 ). The glutathionyl tail of the trypanothione moiety is involved in hydrogen bonding with several residues of the dimerization domain and Tyr110, a residue belonging to the FAD binding domain (Figure 2 B ). The complete list of interactions and distances is given in Table 3 . The spermidine and the second glutathionyl unit adopt an extended conformation in the trypanothione binding cavity formed at the dimeric interface. The only electrostatic interaction between trypanothione and the protein involves the glutamate residue of the second T(SH) 2 glutathione, which is placed at a distance of 4.3 from Lys240' ( Table 3, 
TR in complex with compound 1
We performed a docking study of compounds 1-16 in the active site of the energy-minimized LiTR to check their orientation in the trypanothione binding site. Although the highest scores were obtained only for compounds 1, 3, 4, 5, 6, 15, and 16 (> 50), all the compounds were found to adopt favorable orientations inside the protein cavity, as they all show similar scoring values (Table 4 ). Hence, the compounds' affinities toward LiTR were estimated by means of the molecular mechanics/Poisson-Boltzmann surface area (MM/PBSA) Figure 2 . The trypanothione binding site. A) Spatial relationship between the cysteine residue of the first glutathionyl moiety and the two catalytic cysteines (Cys52 and Cys57). The electronic F o ÀF c density map calculated without T(SH) 2 is indicated; the residues of the TR catalytic site and T(SH) 2 are depicted as sticks. B) The LiTR residues interacting with T(SH) 2 are indicated as sticks. The electrostatic interactions are shown as dotted lines. The image was generated in PyMOL. [27] method. [24] [25] [26] The binding free energy value predicted for compound 1 (À23.55 kcal mol À1 ) demonstrates that it could form a more favored protein-ligand complex with respect to all the other compounds (see Experimental Section below). The crystal structure of LiTR in its reduced state in complex with NADPH and compound 1 (LiTR-1) was resolved at 3.2 (Figure 3 ; PDB code: 4APN). The functional dimer is composed of two identical subunits related by a twofold axis (RMSD: 0.18 ). Each monomer contains a FAD unit and its NADPH cofactor, as well as two molecules of compound 1, namely 1 a and 1 b, which are located in the trypanothione binding site (Figure 4 ). The overall structure is similar to that of the native enzyme and the T(SH) 2 -LiTR complex, and the superpositions provide respective RMSD values of 0.37 and 0.51 . In the active site, the disulfide bond between the catalytic cysteines is broken, and the distance Cys52(Sg)-Cys57(Sg) is 3.4 . In comparison with the LiTR-T(SH) 2 complex, the catalytic His461' is closer to Glu466' [(His461'(Nd1)-Glu466'(Oe1) = 3.3 ; His461'(Nd1)-Glu466'(Oe2) = 2.9 )], and the distance between His461' and the active cysteines is greater [(His461'(Ne2)-Cys52(Sg) = 3.2 ; His461'(Ne2)-Cys57(Sg) = 4.0 )] (Figure 4 A) . Examination of the LiTR-1 complex revealed that two inhibitor molecules bind in the trypanothione binding site and are involved in van der Waals interactions with residues that belong to the FAD binding domain of the monomer A and residues that belong to the interface domain of monomer B (Figure 3 ). In particular, superposition with the TR-T(SH) 2 complex shows that the inhibitor is positioned where the glutathionyl tail of trypanothione binds. Therefore, this diarylpyrrole compound inhibits TR activity by acting as a competitive inhibitor and impeding the entrance of the substrate by steric hindrance. The high flexibility of compound 1 hampered the inhibitor fitting into the F o ÀF c map, which revealed the presence of more than one conformation of both molecules in the active site. We modeled each molecule in the most populated conformation with an occupancy of 0.8, obtaining reasonable temperature factors and reasonable electron density for both compounds in the 2 F o ÀF c map, as shown in Figure 3 B. The positions of the two molecules are similar in both subunits, with the exception of the thiomorpholine ring, which is very mobile and adopts different conformations in 1 a and 1 b of the A and The image was generated in PyMOL. [27] B subunits. In subunit B, the ring is completely exposed to the solvent, whereas in the subunit A (Figure 4 A) for both compound 1 molecules, it establishes weak interactions with some residues of the interface domain. More importantly, the methylthiophenyl groups establish the strongest electrostatic interactions with the protein. In particular, the sulfur atom of 1 a is placed at a distance of 4.3 from the sulfur atom of Cys52, whereas 1 b is placed at distances of 3.8 and 4.0 from the N and Oe1 atoms, respectively, of Glu18 (Figure 4 A) . Interestingly, both molecules 1 a and 1 b may interact with the hydroxy group oxygen atom of Tyr110 (see Table 5 ), which is one of the residues involved in the interaction with trypanothione.
Conclusions
The present study was aimed at identifying potentially new antileishmanial agents by elucidating the structure of TR from Leishmania infantum in complex with a diarylpyrrole-based compound (compound 1), selected on the basis of whole-cell screening results. Compound 1 was found to exert a competitive inhibitory role, and the residues important for interaction with the TR protein were identified.
The crystal structure of the LiTR-T(SH) 2 complex provides structural details that explain enzyme specificity and characterizes the binding site for the disulfide substrate in terms of van der Waals interactions and hydrogen bond donors and acceptors. In addition to TRs from T. cruzi and T. brucei (TcTR and TbTR, respectively), previously crystallized in complex with trypanothione, [14, 28] the LiTR structure provides the unique opportunity of having three structural pictures of the trypanothione reductase reaction. Hence, the TcTR structure shows how the oxidized trypanothione binds to the enzyme. The TbTR structure displays the formation of a mixed disulfide bridge as inter-mediate of the reaction, and finally the structure of LiTR, analyzed in this work, gives insight into the interaction between T(SH) 2 and TR after the reduction has taken place. All three structures point to a key role for Tyr110 in the formation of the complex between TR and its substrate. However, the structure of LiTR-T(SH) 2 unveils the presence of another residue, namely Lys240', placed at the entrance of the catalytic cleft, which forms a weak electrostatic interaction with the carboxylate group of the g-glutamate of the second glutathionyl moiety and which may play a role in driving trypanothione proximal to the two active site cysteine residues (Figure 2 B) .
Within a structure-based approach to drug identification, we identified a novel class of azole-based compounds that are active against the amastigote stage of Leishmania. The steadystate inhibition studies indicate that compound 1 competes with trypanothione for the binding site. The binding free energy estimation helped in rationalizing experimental data, showing that compound 1 binds to TR with higher affinity than the other compounds studied. These results are in agreement with the determined X-ray structure of the complex, which shows that compound 1 binds in the trypanothione binding site, thereby impeding substrate entry. Moreover, the X-ray structure of the TR-1 complex points to the formation of a small pocket into the wide cleft where T(SH) 2 binds (Figure 4 ), in agreement with the observation of Patterson and co-workers. [28] This pocket is formed by hydrophobic residues, namely Trp21, Met113, and Glu18 or Tyr110, which interact with compound 1, revealing a similar binding mode for different noncovalent inhibitors that bear a large hydrophobic scaffold. Moreover, these data confirm the important role of Tyr110 in the binding of both substrates and inhibitors in the TR of all members of the Trypanosomatidae family.
Experimental Section
Chemistry 1 H and 13 C NMR spectra were recorded with a Bruker AC400 spectrometer in the indicated solvent (TMS as internal standard); chemical shift (d) values are expressed in ppm. Mass spectra were recorded on a API-TOF Mariner by Perspective Biosystems (Stratford, TX, USA). Compound purity was assessed by elemental analysis obtained with a PE 2400 analyzer (PerkinElmer). The purity of target compounds was > 95 %. Analyses indicated by the elemental symbols or functions were within AE 0.4 % of theoretical values. Physicochemical and analytical data are provided in the Supporting Information.
Leishmania bioassay
Briefly, starch-induced murine peritoneal macrophages were dispensed in to Lab-Tek 16-well tissue-culture slides (Nunc, USA) and maintained at 37 8C under an atmosphere of 5 % CO 2 /air. After 24 h the adherent cells were infected with amastigotes harvested from the spleen of a donor mouse at a ratio of 7:1. (L. donovani MHOM/ ET/67/HU3 in RAG1.BG mice). After a further 24 h, the level of infection was determined, and the infected cells were exposed to test drug for a total of 5 days, with the overlay + drug being changed half way through. The experiment was stopped by meth- Table 5 . Distances between TR residues and the two molecules of compound 1 (1 a and 1 b; see Figure 3 A).
Chain [a] /Residue
Atom
Ne2 a S2 5
[a] A and B are related to the two monomers of TR in the asymmetric unit.
[b] S1 and N2 are the respective sulfur and nitrogen atoms that belong to the thiomorpholine ring; S2 is the sulfur atom that belongs to the methylthioaryl group.
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These are not the final page numbers! ÞÞ CHEMMEDCHEM FULL PAPERS www.chemmedchem.org anol fixation and evaluated by staining the slides with 10 % Giemsa for microscopic examination. [29] The percentage of infected cells was determined, each data point was taken in quadruplicate, and the percent inhibition was calculated (MS Excel) with reference to untreated controls. The IC 50 values were calculated using Prism software.
Cytotoxicity assay
Assays were carried out as described earlier. [30] Briefly, in a 96-well plate format, KB cells (a cell line derived from a human carcinoma of the nasopharynx) were exposed to test compounds for 72 h at 37 8C under an atmosphere of 5 % CO 2 /air. Alamar Blue was then added to each well, followed by further incubation for 2-4 h prior to reading in a Spectra Max M3 plate reader (Molecular Devices, UK).
Inhibition assay
The enzymatic activity of trypanothione reductase was determined by stopped-flow spectroscopy at 20 8C. The aqueous solubility of compound 1 is very low: above 100 mm a manifest turbidity could be observed in the solution, and even at lower concentrations the turbidity increased with time. The experiments were therefore performed by adding the compound just before recording the data. The enzyme premixed with a methanolic solution of compound 1 (from 0 to 60 mm) and 100 mm trypanothione was mixed in the stopped-flow apparatus with a solution of 40 mm NADPH. NADPH oxidation was followed at l 340 nm, and its concentration was determined by using an extinction coefficient at l 340 nm of e 6.22 mm À1 cm À1 . The time progress curves were fit to an explicit solution of the Michaelis-Menten time-integrated equation [Eq.
(1)], [31] which was used to determine the steady-state parameters (k cat and K M ) directly:
In Equation (1) S 0 and E 0 represent the initial NADPH and total TR concentrations, respectively, and w is the so-called Lambert W or w function. [31] Data fitting was carried out by using Mathworks Matlab.
Molecular modeling
We minimized the energy of Leishmania infantum trypanothione reductase in the apo form with the ff10 force field in an orthorhombic box of TIP3P explicit solvent, with a minimum distance between any solute atom and a box edge of 8 using AMBER 11. [32] The minimization procedure of the protein consisted of a three-stage approach: 1) minimization of the solvent box, with harmonic restraints of 500.0 kcal mol À1 À1 on the protein atoms; 2) minimization of the protein, with harmonic restraints of 500.0 kcal mol À1 À1 on the solvent atoms; and 3) unrestrained minimization of the entire system. Stage 1 of the minimization consisted of 8000 steps of steepest descent followed by 2000 steps of conjugate gradient. The second stage consisted of 10 000 steps of steepest descent followed by 5000 steps of conjugate gradient, while the third stage consisted of 16 000 steps of steepest descent and 4000 steps using conjugate gradient. We docked compounds 1-16 in the active site of the minimized TR protein, using two different docking programs: Glide, [33] with both the Standard Preci-sion (SP) and the Extra Precision (XP) methods, and GOLD 4.0 [34] using all scoring functions available: ChemScore, GoldScore, ASP, and PLP. We compared the docking results obtained by means of both programs using different scoring functions within each program. We found that only with the GoldScore scoring function of GOLD was there good agreement in the docking pose of the structures with a similar scaffold, with the following parameters: 200 % of efficiency, 50 runs for each ligand, and early termination turned off. We estimated the binding free energy of our compounds against the protein by means of the MM/PBSA method. [24] [25] [26] X-ray structure determination Cloning, expression, purification, and crystallization of TR from Leishmania infantum were carried out as previously reported, [12, 35] and the enzyme was stored concentrated (200-400 mm) at 208C. Crystals of the native oxidized TR were soaked for 1 h using a stabilizing solution containing 2.5 m ammonium sulfate, 0.1 m Tris pH 8.5, and 5 mm NADPH supplemented with 2 mm trypanothione or 200 mm compound 1. Crystals were cryoprotected in a solution containing 75 % v/v reservoir solution and 25 % v/v glycerol. Singlewavelength data sets (l 0.918 ) were collected at the beamline BL 14-1 at the Synchrotron Radiation Source BESSY [36] (Berlin, Germany) using a CCD detector at a temperature of 100 K. The data sets were processed with DENZO [36] and scaled with SCALEPACK. [37] The crystals belong to the P41 space group with the following cell dimensions: a = 103.94 , b = 103.94 , c = 192.24 for TR in complex with T(SH) 2 and a = 102.56 , b = 102.56 , c = 191.98 for TR in complex with the inhibitor. Crystal parameters and complete data collection statistics are listed in Table 6 . The structures of L. infantum TR in complex with NADPH and trypanothione or compound 1 were solved by molecular replacement using the native TR structure (PDB code: 2JK6) [12] as search model with the program Molrep. [37] Refinement was performed using the program REFMAC5, [38] and model building was carried out with the program COOT. [39] The structure of TR in complex with T(SH) 2 was refined to a final R merge for all resolution shells (50-3.6 ), calculated using the working set reflections (21 745) of 25 %, and an R free value, calculated using the test set reflections (1193) of 30 %. The final model is a dimer containing 976 residues (488 for monomer A and 488 for monomer B), two FAD molecules, two NADPH molecules, and two T(SH) 2 molecules. The NADPH molecules were fitted into the 2 F o ÀF c map with an occupancy of 0.75. The phenolic ring of Tyr198 was modeled with an occupancy of 0.75. The most favored regions of the Ramachandran plot contain 91.0 % of residues, the allowed regions contain 9.0 % of residues. The structure of TR in complex with compound 1 was refined to a final R merge for all resolution shells (50-3.2 ), calculated using the working set reflections (31 061) of 23 %, and an R free value, calculated using the test set reflections (1660) of 27 %. The final model is a dimer that contains 976 residues (488 for monomer A and 488 for monomer B), two FAD molecules, two NADPH molecules, and four molecules of compound 1, two for each monomer in the asymmetric unit. The average of temperature factors (B average ) of the protein is 70.8 2 , while the B average of the inhibitors is 85 2 . The most favored regions of the Ramachandran plot contain 94.1 % of residues, the allowed regions contain 5.9 % of residues. All data reduction and refinement statistics are listed in Table 6 . The .pdb files and dictionaries of T(SH) 2 and for compound 1 were generated using the PRODRG Server. [40] The atomic coordinates and structure factors have been deposited in the Protein Data Bank with PDB codes 4ADW for T(SH) 2 -bound TR and 4APN for the TR bound with compound 1.
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